Objective-To investigate the response ofthe transplanted heart to different pacing modes and to synchronisation of the recipient and donor atria in terms of cardiac output at rest.
pacing modes: right ventricular pacing, donor atrial pacing, recipient-donor synchronous pacing, donor atrial-ventricular sequential pacing, and synchronous recipient-donor atrial-ventricular sequential pacing.
Patients-l1 healthy cardiac transplant recipients with three pairs of epicardial leads inserted at transplantation.
Results-Donor atrial pacing (+11% overall) and donor atrial-ventricular sequential pacing (+ 8% overall) were significantly better than right ventricular pacing (p < 0-001) at all pacing rates. Synchronised pacing of recipient and donor atrial segments did not confer additional benefit in either atrial or atrial-ventricular sequential modes of pacing in terms of cardiac output at rest at these fixed rates.
Conclusions-Atrial pacing or atrialventricular sequential pacing appear to be appropriate modes in cardiac transplant recipients. Synchronisation of recipient and donor atrial segments in this study produced no additional benefit. Chronotropic competence in these patients may, however, result in improved exercise capacity and deserves further investigation.
(Br Heart J 1992; 68:195-8) Permanent pacemaker insertion may be necessary after cardiac transplantation for the treatment of sinus node dysfunction or complete heart block. Rates of pacemaker implantation vary in reported series from 4%-24%.'-3 Our data suggest that only those patients with sinus node dysfunction will require long-term pacing, and these may comprise fewer than 2% of cardiac transplant recipients.2 Although the number of patients needing long-term pacing may thus be small, for those who do need pacing the optimal mode should be used to realise the maximum potential of the transplanted heart. Although physiological pacing has been shown to be haemodynamically better than ventricular pacing in the native heart,' this may not necessarily be the case after transplantation.
The surgical technique of orthotopic cardiac transplantation has changed little since first described by Cass Optimal pacing modes after cardiac transplantation: is synchronisation of recipient and donor atria beneficial? Why did electrical synchrony of recipient and donor atria not produce a benefit? In our apparently healthy cardiac transplant recipients it is possible that atrial synchrony was unnecessary to achieve maximal cardiac output at rest. After episodes of acute rejection, however, when left ventricular compliance may be reduced, a stronger active atrial component to left ventricular filling may become vital to preserve left ventricular function. The function ofatrial contraction in normal subjects is to enhance ventricular filling above that which is possible by passive filling alone at normal mean atrial pressures. To preserve ventricular filling in the absence of atrial contraction, atrial pressure during diastole must therefore be higher than in a heart with normal anatomy. A decrease in left ventricular compliance will necessitate a further rise in mean atrial pressure which may precipitate pulmonary oedema. Thus electrical synchrony may be a prophylactic measure to avoid this sequence of events which may occur during rejection-either acutely or chronically.
We readily acknowledge that the numbers in our study are small, in particular those patients in whom recipient-donor atrial pacing was possible. Even summation of our data at all pacing rates in each mode to enable statistical comparison of larger numbers, however, did not suggest that an important benefit exists overall in transplant recipients from synchronous recipient-donor atrial pacing. We therefore stopped further enrolment in this study.
The cardiac output values found seem high when compared with reported cardiac output values from normal subjects at rest. The basal cardiac outputs in this study were only slightly higher and did not differ significantly from that seen in a previous study of cardiac transplant patients performed here.'7 A possible explanation for the high cardiac outputs seen in our study, however, is that all patients were within 21 days of major surgery and thus likely to be still in a hypermetabolic state. Another explanation might be that many of our patients were large in physical size (with body surface areas in excess of 2 sq m), and perhaps cardiac index would be more appropriate for absolute values. Our main objective in this study was not to provide absolute values for cardiac output in transplant recipients, but rather to emphasise the difference seen in cardiac output with different pacing modes.
Our study was performed at rest, and our results may not necessarily correlate with differences in cardiac output found during exercise at the pacing rates studied in the various pacing modes. We have no reason to suppose that there would be more benefit from ventricular pacing during exercise than with atrial pacing. Likewise, exercise is unlikely to result in any major haemodynamic change such that synchrony of recipient and donor atria would be significantly better.
Chronotropic competence during exercise may be beneficial in the transplanted heart, however, as the chronotropic response to exercise is abnormal in all cardiac transplant recipients.'8 '9 Electrical connection of the atria would bring the donor under the control of the recipient sinus node (at least at heart rates above the basal tachycardia seen in transplant recipients) and the rate response to exercise would be preserved. Whether this would achieve an improved exercise capacity after cardiac transplantation deserves further investigation. Osterholtzer et al'2 report a 23 year old patient in whom sinus bradycardia after transplantation required pacemaker implantation. They describe the insertion of a dual chamber system with leads to recipient atrium (for sensing) and donor atrium (for sequential pacing). By setting the lowest delay (65 ms) they achieved physiological rate control using the recipient sinus node-"the most physiologic and best possible sensor".12 They do not present any haemodynamic data, however, and thus no conclusion can be drawn as far as any benefit from relative synchronism of contraction is concerned.
In conclusion, physiological pacing is better than ventricular pacing after transplantation. Synchronous donor-recipient atrial pacing confers no additional benefit at rest in these patients. Whether it confers a chronotropic advantage remains to be determined.
